INTRODUCTION
Despite the relatively simple large intestine of dogs (Snipes and Kriete, 1991) , their intestinal microbial community is active and well capable of fermenting a substantial quantity of dietary fi ber (Fahey et al., 2004) and indigestible protein (Hendriks et al., 2012) . The presence of such substrates affects microbial growth and the microbial population in terms of both species and numbers along the large intestine (Marteau et al., 2001; Suchodolski et al., 2005) . Fermentation characteristics of ileally undigested fractions of ingredients in canine foods may impact large intestinal health and fecal characteristics. Ingredients for pet foods change over time. For example, competition for food, fuel, and feed and production effi ciency affect the availability and quality of ingredients but also new ingredients become available, for which the nutritional characteristics need to be evaluated. Fermentation characteristics of a wide range of fi ber sources have been studied using in vitro batch culture systems and canine fecal inoculum (Sunvold et al., 1994 (Sunvold et al., , 1995 Swanson et al., 2001; Vickers et al., 2001; Bosch et al., 2008) . Although fermentation of nitrogenous compounds results in the production of numerous putrefactive catabolites (e.g., ammonia and phenol), of which several have been associated with intestinal disease (Swanson and Fahey, 2006) , such in vitro systems have not been applied for screening low-digestible or indigestible proteinaceous pet food ingredients. For such studies, fresh, well-preserved fecal material is preferred as an inoculum source. When donor animals are housed some distance from an analytical laboratory, appropriate preservation of the feces during transport is essential. Although several studies have evaluated the effect of various preservation conditions of rumen fl uid on in vitro fermentation outcomes (e.g., Robinson et al., 1999; Hervás et al., 2005; Prates et al., 2010) , information on appropriate preservation of fresh feces is scarce. Pig feces stored on ice for 2 h did not change potato starch fermentation whereas storage at -20 and -80°C altered the type and kinetics of fermentation (Pellikaan et al., 2005) .
This study aimed to investigate the effect of chilling and freezing of canine feces on in vitro gas production kinetics and fermentation end product profi les of several carbohydrate-rich (run 1) and protein-rich (run 2) substrates. It was hypothesized that chilling canine feces for 24 h would not impact microbial fermentative activity in vitro and freezing feces would result in microbial death and, therefore, alter in vitro gas production kinetics and formation of fermentation end products.
MATERIALS AND METHODS
All experimental procedures were approved by Wageningen University.
Substrates
Substrates were chosen based on their potential fermentability observed by Bosch et al. (2008) and Cone et al. (2005) , and we aimed to select substrates that would contrast in their fermentation characteristics, irrespective of if the substrate contain potentially digestible fractions or not. For run 1, substrates fructooligosaccharide (FOS; rapidly and highly fermentable; Raftifeed IPS, Orafti, Tienen, Belgium), molassed sugar beet pulp (SBP; slowly and highly fermentable; Research Diet Services, Wijk bij Duurstede, the Netherlands), and wheat middlings (WM; slowly and moderately fermentable; Research Diet Services). For run 2, substrates were low-ash poultry meat meal (PMM; Sonac Burgum B.V., Burgum, the Netherlands), feather meal (FM; Sonac Burgum B.V.), and solvent-extracted soybean meal (SBM; Research Diet Services, Wijk bij Duurstede, the Netherlands). The in vitro indigestible residual N of these substrates was previously shown to differ in rate and extent of fermentation using fecal inoculum from pigs with SBM being relatively rapidly and highly fermentable and PMM and FM being moderately fermentable with PMM being slightly slower fermentable than FM (Cone et al., 2005) . Sugar beet pulp and WM were ground through a 1-mm screen whereas other substrates were already ground. All substrates were analyzed for DM and crude ash and, except for FOS, for N and crude fat. Starch content was analyzed in the SBP, WM, and SBM. Sugar was analyzed in the SBP, WM, and SBM. Analyzed compositions of the substrates are presented in Table 1 .
Feces Collection and Processing
Fresh feces were collected from 3 privately owned adult retriever-type dogs: 1 castrated male (7 yr; 33 kg BW) and 2 intact females (2 and 8 yr; 32 and 32 kg BW). Dogs were fed a nutritionally complete canned diet (Masterfoods GMBH, Verden, Germany). Gross composition of the diet (as-fed) was 18.5% DM, 9.9% CP, 6.5% crude fat, 0.6% crude fi ber, and 2.1% crude ash (analyzed values provided by Masterfoods GMBH). Dogs were fed approximately 460 kJ of energy/kg of BW 0.75 per day in 2 equal portions for at least 2 wk before feces collection. Within 10 to 20 s of defecation, feces were collected in sterile 250 mL plastic bottles prefi lled with CO 2 . A 250 mL bottle containing CO 2 was immediately emptied into the bottle to ensure anaerobic conditions after the addition of the feces. The bottle with feces was closed and transported within 5 min to the analytical laboratory. Feces from dogs were not pooled but processed per dog. The feces were manually homogenized and divided into 3 equal portions under a continuous fl ow of CO 2 . One portion was processed immediately as an inoculum and the 2 remaining portions were formed into a discus shape (to facilitate rapid chilling and freezing/thawing) and transferred into a sterile zip-lock plastic bag (100 by 150 mm) prefi lled with CO 2 . For the chilling and frozen preservation conditions, the bags with feces were placed for 30 min in a refrigerator (5°C) or a freezer (-20°C), respectively. The bags with chilled feces then were transferred into a polystyrene box (4-cm thick walls) prefi lled with crushed ice and 2 frozen gel-fi lled ice packs (20 by 4 by 10.5 cm; -20°C) and covered with crushed ice and a layer of plastic bubble wrap. The bags with frozen feces were stored in a prefrozen (-20°C) container (Red Top Bio-Bottle; Bio-Bottle New Zealand Ltd., Auckland, New Zealand). Empty space in the container was fi lled with pieces of plastic bubble wrap and the container was closed and placed in a matching polystyrene box and placed in a cardboard box (Bio-Bottle New Zealand Ltd.). The box with container was placed in a temperature-controlled room at 20°C for 23.5 h. For runs 1 and 2, the temperatures at 23.5 h in the box with chilled feces were, respectively, 4 and 2°C whereas the box with frozen feces was -6 and -9°C, respectively. Each bag with chilled feces stored was processed after 23.5 h of storage whereas frozen feces was placed on the laboratory table for 10 min to thaw and then processed.
Preparation of Inoculum and Incubation
Feces were weighed and diluted 1:9 (wt/vol) in a 39°C anaerobic sterile physiological saline solution (9 g/L NaCl). The diluted mixture was homogenized for 60 s using a hand blender and fi ltered through nylon fabric (pore size 40 μm and permeability 30%; PA 40/30; Nybolt, Ruschlikon, Switzerland). All procedures were performed under a constant stream of CO 2 . The fi ltrate was mixed with a prewarmed (39°C) N-containing medium (run 1) or a N-free medium (run 2) in a 5:84 mixture (vol/vol) and fl ushed for 5 min with CO 2 . Composition of both media solutions has been described by Williams et al. (2005) . For the N-free medium, no calcium chloride was added as it precipitated immediately. The resulting medium/ inoculum mixture (89 mL) was dispensed into each 250-mL serum bottle (Schott, Mainz, Germany) containing 0.5 g of substrate OM for run 1 and 50 mg of substrate N for run 2. Inoculated bottles were immediately attached to fully automated gas production equipment and gas production was recorded for 72 h. All incubations were done in triplicate. For each dog and each preservation condition, 1 blank bottle containing only 89 mL of the inoculum was incubated. After 72 h of incubation, fermentation liquids were sampled for determination of short-chain fatty acids (SCFA; acetate, propionate, butyrate, iso-butyrate, valerate, and isovalerate), NH 3 , and aromatic compound (indole, phenol, and p-cresol) concentrations.
Chemical Analyses
Dry matter and ash were determined by drying to a constant weight at 103°C (ISO, 1999b ) and combusting at 550°C (ISO,2002) , respectively. Crude protein (6.25 × N) was determined using the Kjeldahl method (ISO, 2005) and crude fat was analyzed according to the Berntrop method (ISO, 1999a) . Starch was analyzed according to the International Organization for Standardization (ISO, 2004) . Briefl y, sugars were removed with 40% ethanol followed by solubilization using dimethylsulfoxide and hydrochloric acid. Solubilized starch was converted to glucose using amyloglucosidase whereafter glucose was quantifi ed using the hexokinase method. Sugar was analyzed as described by van Vuuren et al. (1993) without a segmented fl ow analyzer. Detailed description of the methodology used for SCFA and NH 3 analyses of inocula and fermentation liquids were described by Bosch et al. (2008) . For aromatic compound analysis, samples (2 mL) of fermentation liquids were spiked with 250 mL of internal standard (100 mg/mL 5-methylindole). Extraction was performed by adding 2 mL of hexane followed by 10 min of ultrasonic vibration, 10 min of rotation (130 rpm), and ultrasonic vibration once again for 10 min. After clarifi cation at 4°C, the supernatant fl uid was collected and transferred to a gas chromatograph (GC) vial for analysis. With each series of samples, a batch of calibration samples containing 0, 0.3125, 0.625, 1.25, 3.125, 6.25, 12.5, 31.25, 62.5 , and 125 mg/L was analyzed for quantifi cation. All chromatographic analyses were performed with a trace GC coupled to a mass spectrometer and an auto-sampler (Polaris Q Quadrupole Ion Trap Mass Spectrometer and Finnigan MAT A200S Auto-sampler; ThermoFinnigan, Austin, TX). Separations were achieved on a BPX-5 fused-silica capillary column (25 m by 0.22 mm i.d.; 0.25 mm fi lm thickness; 5% phenyl polysilphenylene-siloxane liquid phase; SGE Inc., Austin, TX). The column was held at 40°C (3 min), ramped up 8°C/min to 100°C, and held for 4 min, and the temperature of the column was increased from 9°C/min to 190°C and held for 3 min. Finally the temperature was increased rapidly (30°C/ min) to 300°C and held for 3.5 min. The injector, ion source, and transfer line temperatures were 290, 260, and 250°C, respectively. A volume of 1 mL of sample was injected with a split-splitless injector (split fl ow, 10 mL/ Cumulative Gas Production Kinetics 
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preservation of feces did not affect production of total P P P resulted in greater (P and chilled feces and tended (P frozen feces (P Figure 1 . Mean (n = 3 dogs) amount of gas produced from fructooligosaccharide (FOS; Raftifeed IPS, Orafti, Tienen, Belgium), molassed sugar beet pulp (SBP; Research Diet Services, Wijk bij Duurstede, the Netherlands), and wheat middlings (WM; Research Diet Services, Wijk bij Duurstede, the Netherlands) using inoculum from fresh feces, feces chilled for 24 h, and feces frozen for 24 h. Error bars indicate pooled SEM at every 12 h of incubation. Figure 2 . Mean (n = 3 dogs) amount of gas produced from solventextracted soybean meal (SBM; Research Diet Services, Wijk bij Duurstede, the Netherlands), low-ash poultry meat meal (PMM; Sonac Burgum B.V., Burgum, the Netherlands), and feather meal (FM; Sonac Burgum B.V.) using inoculum from fresh feces, feces chilled for 24 h, and feces frozen for 24 h. Error bars indicate pooled SEM at every 12 h of incubation. Table 2 . Mean values (n = 3 dogs) of gas produced and gas production kinetics during 72 h of incubation according to substrate and method of preservation of feces in vitro run 1 1 phenol concentration was overall less when fresh feces were used as inoculum source compared with frozen feces (P = 0.015) but not different from chilled feces. For blank bottles, no differences were found between feces preservation conditions (data not shown).
Substrates differed generally in fermentation products formed (Tables 4 and 5 ). In run 1, production of total SCFA was greatest from FOS and least from WM (P ≤ 0.005). Incubation with WM resulted in decreased acetate but a greater butyrate proportion from total SCFA (P ≤ 0.005) and greater indole production (P < 0.001) compared with FOS and SBP. The proportion of branched-chain SCFA of total SCFA and concentration of NH 3 differed between substrates with greater values for WM and lowest for FOS (P ≤ 0.014). In run 2, the greatest total SCFA production was from SBM and lowest from FM (P ≤ 0.014). Proportion of acetate from total SCFA was greater for SBM than FM (P = 0.025) and the proportions of propionate and of branched-chain SCFA differed between all substrates (P ≤ 0.017). Acetate to propionate ratio was lower for SBM than for FM (P = 0.002). The concentration of NH 3 differed between all substrates (P ≤ 0.025). Indole production was less from FM than from SBM and PMM (P ≤ 0.003) and phenol production was less from SBM than PMM and FM (P ≤ 0.045).
DISCUSSION
Studies evaluating in vitro fermentation characteristics of fi ber or protein sources require fresh, well-preserved fecal material as an inoculum source. Preservation temperatures below 0°C leads slowly to death of the microbial cells because of damage of cell membranes and intracellular proteins and DNA denaturation (Panoff et al., 1998) . Exposure of bacteria to low temperatures above 0°C may still allow growth and, depending on the species, a transient metabolic adaptation of microbes (Panoff et al., 1998) . Besides microbial vitality, enzyme activity also 0.333 --1 Total gas = amount of total gas produced; R max = maximum rate of gas production; T max = time at which R max occurred. For comparison with data presented in Table 4 , multiply values of variables on a per-50-mg-N basis for SBM with 0.92, for PMM with 1.22, and for FM with 1.48. Factors are based on OM and N contents of each substrate.
2 SBM = solvent-extracted soybean meal (Research Diet Services, Wijk bij Duurstede, the Netherlands); PMM = low-ash poultry meat meal (Sonac Burgum B.V.; Burgum, the Netherlands); FM = feather meal (Sonac Burgum B.V.). may be affected by preservation temperature. Preservation of rumen contents at -40°C for 45 d increased the activity of carboxymethylcellulase and xylanase, decreased deaminase activity, and did not affect the amylase activity (Hristov et al., 2002) . Therefore, suboptimal fecal preservation may result in loss of microbial vitality and altered enzyme activity and therefore impact the results obtained from an in vitro fermentation assay.
In the present study, chilling and freezing canine feces for 24 h resulted in only minor changes in gas production kinetics and end product profi les. The minor changes, when frozen feces were included, slightly increased total gas production and more formation of indolic and phenolic compounds. Hence, shifts in the microbial population because of selective growth and death of microbial species to affect fermentation in the in vitro batch culture system in the present study appeared minor. This is also refl ected in the absence of differences between fecal treatments in the ratio of acetate to propionate. More propionate and less acetate are produced in the presence of a diverse microbiota and high substrate availability (Macfarlane and Macfarlane, 2003) . The increased concentration of indole and phenol refl ects increased microbial catabolism of aromatic AA (Tyr, Phe, and Trp; Le et al., 2005) . This may be caused by increased activities of enzymes for catabolism of these AA or an increase in population of specifi c microbial species. Although ranking of substrates was not affected in the present study, for future in vitro fermentation studies that focus on production of these aromatic compounds from substrates using fecal inoculum, method of preservation of feces is important.
Chilling canine feces did not infl uence fermentative activity of fecal inoculum whereas freezing feces slightly changed the fermentative activity. These observations are in line with those reported in literature. Chilling pig feces on ice for 2 h did not change potato starch fermentation whereas freezing feces at -20°C altered the type and kinetics of fermentation (Pellikaan et al., 2005) . Fermentation characteristics of rumen fl uid were not affected when stored chilled (0°C) up to 6 h, but 24 h of storage slightly impacted fermentation result for barley straw NDF and alfalfa hay without affecting starch and cellulose (Hervás et al., 2005) . Furthermore, freezing (-18°C) rumen fl uid for 24 h reduced fermentative activity with larger effects for alfalfa hay and barley straw NDF than cellulose and starch (Hervás et al., 2005) . Robinson et al. (1999) also reported a larger reduction in fermentation activity for rumen fl uid when stored frozen (-24°C) for 48 h than stored at 6°C. Prates et al. (2010) found little effect of chilling (6°C) for 4 h and freezing (-20°C) for 48 h of rumen fl uid on gas and SCFA production and no changes in microbial biodiversity.
The in vitro runs differed in their gas production kinetics and fermentation end product concentrations because of differences in microbial OM degradability of substrates and the availability of N in the medium solution. The amount of gas produced in run 2 was substantially less than that in run 1. Gas production is the result of direct gas production and indirect gas production as SCFA release CO 2 from the carbonate buffer. Production of ammonia prevents the release of CO 2 as it binds H + ions (Cone and Van Gelder, 1999) . As the ammonia concentrations at 72 h after incubation varied between substrates but were relatively similar between runs, it appears that at the end of the incubation, the energy, not N, was exhausted. Incubation of the substrates in run 2 resulted in reduced total SCFA concentrations per 0.5 g OM (i.e., 3.04 mmol for SBM, 2.67 mmol for PMM, and 2.10 mmol for FM) using fresh feces as inoculum source, which indicates a reduced general microbial OM degradability than the substrates used in run 1. The greater branched-chain proportion of total SCFA and concentrations of indole and phenol from FM and PMM indicate that microbes catabolized more protein compounds than with the other substrates. The decreased amount of gas measured for the substrates in run 2 presumably was the result of a less microbial OM degradation, particularly because of a lower availability of fermentable carbohydrates, resulting in a combined decreased direct and indirect gas production.
The 72-h incubation period was chosen to reach the asymptote of gas production for each substrate, which is required for accurate curve fi tting and calculation of variables describing the kinetics of gas production. This time period does not relate to the shorter large intestinal transit time in dogs. The large intestinal transit time in dogs is highly variable between dogs and generally increases with increasing body size (7.1 to 46.1 h; Hendriks et al., 2012) . The reported amounts of fermentation end products from substrates after 72 h of incubation should, therefore, be considered as maximal amounts for these substrates. As the gas produced during incubation is correlated to the amount of produced SCFA (Awati et al., 2006) , the gas production curves are indicative for SCFA production during incubation. Furthermore, the kinetics and extent of fermentation of fi ber may indicate where the product is likely to be fermented in the gastrointestinal tract and can be used to translate the in vitro results to the in vivo situation. For example, at 12 and 24 h of incubation, SBP and WM show comparable amounts of gas produced but thereafter gas production for SBP doubles whereas that for WM increases little. This suggests that the difference between SBP and WM in extent of large intestinal fermentation may increase with increasing transit time in dogs. Furthermore, those substrates that reached their maximum gas production relatively at the beginning of incubation are likely to be fermented in the proximal part of the colon with little difference between dogs varying in size. Whether kinetics of gas production are also indicative for production of measured putrefactive compounds remains to be investigated.
It can be concluded that chilling of canine feces in crushed ice for 24 h did not affect in vitro fermentation characteristics of substrates tested. Freezing feces for 24 h slightly affected gas production kinetics and increased production of indole and phenol. For future in vitro fermentation studies, transport of feces preserved in crushed ice within 24 h between laboratories ensures the maintenance of fermentative characteristics of fecal inoculum for evaluation of dietary ingredients.
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